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STABILIZATION OF URANIUM MILL TAILINGS
N. H. Tibbs
Southeast Missouri State University
Cape Girardeau, Missouri
D. L. Rath, E. E. Otto, and L. F. Alsup
Tennessee Valley Authority
Chattanooga, Tennessee

Abstract
Large volumes of uranium mill tailings are being generated, requiring
comprehensive long-term management programs to reduce health and
environmental risks. Management programs are available which provide
adequate secure long-term storage, but research on innovative concepts
is necessary to develop improved, more efficient methods.
1.

INTRODUCTION

seepage into ground and surface waters.

In 1977, a record 10 million tons of uranium

Uranium mill tailings are the principal

ore were produced from U.S. mines.

source of radiation to the environment from
(3)
the nuclear fuel cycle.
7 Of the original
radioactivity in the o r e , about 85 percent

The

18 operating conventional uranium mills in
the U.S. processed an average of about
27,000 tons of ore d a i l y . W i t h

an average

grade of only 0.15 percent U^Og, every ton of

is rejected as insoluble wastes in the tail(4)
ings stream.'
As much as 99 percent of

waste (tailings), along with large volumes of

the Ra-226 and Th-230 (parent nuclide of
Ra-226) originally in the ore are included in

liquid effluents.

the tailings.

processed ore produced almost a ton of solid
To date, about 140 million

It is Ra-226 and its progeny

tons of uranium tailings have been generated
at mill sites in the western United States;

Rn-222 which present the major radiation

at the present rate of growth of the uranium

Attention was focused on the hazards of un

industry, this quantity of tailings could

managed tailings through a survey of 17 aban

double in less than a decade.
Because uranium ore is comminuted during

doned uranium mill sites by the Atomic Energy
Commission (AEC), Environmental Protection

milling operations, mill tailings are charac

Agency (EPA), and affected western states in

teristically fine grained and thus can be
readily mobilized in the environment by wind

October 1 9 7 4 . ^

and water erosion.

(ERDA, successor to the AEC) performed engi

hazards associated with tailings.

Tailings and associated

liquid effluents contain chemical residues
from the milling process and trace substances
from the original ore which can be introduced

Subsequently, the Energy

Research and Development Administration
neering evaluations of 22 abandoned mill
sites to develop alternatives for remedial
action.

into the environment through leaching and
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The cost of these remedial actions, which

those using an acid leach process.

have yet to be implemented, is estimated to

consumption for either process is frequently

be between $80 million and $126 million.

reduced by recycling waste solutions back to
the process.

The magnitude of the problem identified at

Water

the old mill sites indicates the importance
of planning ahead now for the stabilization

In addition to radioactive uranium progeny,

of tailings at existing and future mills.

from the original ore and entrain chemicals

Large quantities of tailings will be gener
ated in the near future as can be seen from

from the milling process. Table 1 outlines
the typical reagents used in milling uranium.

Figure 1 which gives the location and rated

It is obvious from this list that the tail

capacities of conventional uranium mills.
Planned expansions and other new mills which

pollutants in addition to radioactive con

tailings contain many of the toxic elements

ings will contain a variety of potential

should commence operation in the next four

stituents.

years will increase the total rated capacity
to 54,000 tons/day.^^
Considering the
nature of tailings, the quantities being

streams contain significant concentrations of

generated, and the location of most uranium

CHEMICALS USED IN URANIUM M I L L I N G ^

For example, typical mill waste

TABLE 1

mills in environmentally hostile, arid regions
of the western U.S., there is a need for con
tinued development of technology to cope with

CHEMICAL
h 2s o 4

the problems of safe, long-term uranium»mill
tailings management.
2.
2.1

(A) ACID LEACHING
USAGE, LB/TON OF ORE
30-500

Fe (POWDER)

MODERN TAILINGS DISPOSAL TECHNIQUES

VARIABLE
3-10
1-3

Mn02
NaC103

MILLING

MgO

1-3

Figure 2 outlines the basic steps in uranium

nh3

milling.

NaOH

1-30
1-4

Two general types of leaching, acid

or alkaline, are employed depending on ore
mineralogy.

EHPA, ALKYLMINE AND OTHERS
KEROSENE

Acid leaching with sulfuric acid dissolves
less than 1 percent of the Ra-226 from the
ore; the remainder of the radium is retained
in the tailings and rejected in the waste
stream.
The bulk of the radium, 73 to 82
percent of the total, is contained in the
finer-grained fraction of the tailings
(slimes).^
The coarser-grained fraction

0.01-2.0
3.4

n h ano3

1.3

Na2C03
NaCl

10-15
10-15

n h 4n o 3

15-20

NaCl
NaCl

7
50-160
(B) ALKALINE LEACHING

(sands) contains the remainder of the
radium.
Alkaline leaching, generally using sodium car
bonate, leaches about 2 percent of the Ra-226.
In general, alkaline leaching requires finer
comminution of the ore, which results in
very fine-grained tailings and omits sandslime separation.

Kmn04

7.5

NaCN (AND Fe)
CuSO,
4
NH3

0.4
2-4
0.023
0.052

Na2C03

2.65

NaOH

Liquid waste volumes from various mills range
from 100 gal/ton to 1,200 gal/ton. Alkaline
leach mills generally consume less water than
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3.3-6.5

SEPARAN
GUAR (GUM)

17-31

such toxic nonradiological elements and
compounds as chlorides, sulfates, arsenic,
molybdenum, selenium, lead, cadmium, and
others.

Concentrations of most of the metals

depend on the mineralogy and chemistry of the
host rock and ore body.

Tailings management

as discussed in the following sections
stresses the control of radioactive pollu
tants.

Meeting the stringent requirements

for containment of radionuclides should

2.4

LINERS

As can be seen from Figure 3, lining of a
tailings pond or open pit with an impermeable
material is an essential element of the waste
management program.

Sealing can be accom

plished with synthetic liners, asphalt emul
sions, or clay (as shown in the figure).
Although currently in use by the chemical
industry for containment of toxic wastes,
synthetic liners and asphalt have not been

result in the containment of other potential
pollutants.

utilized for uranium tailings.

2.2

The cost of an installed clay liner is com
parable to that of the least expensive

TAILINGS PONDS

The common tailings disposal method is the

synthetic liner and is only a fraction of the

use of tailings ponds.

cost of a s p h a l t . S y n t h e t i c

Recently licensed

Rocky Mountain Energy Company's 1,000-ton per

liners can be

quickly installed, but because of short life

day Bear Creek mill in Converse County,

are only useful for short-term containment in

Wyoming, includes a modern tailings pond dis-

evaporation ponds or chemical waste pits.
However, such disposal areas will ultimately

/ O ')

posal system.

This tailings pond will

eventually cover 150 acres, with tailings at
an average depth of 7 feet.

A 50-foot-high

have to be cleaned out and reclaimed.

The

authors believe that a 2-foot liner of com

dam extending up to 1,500 feet in length has

pacted clay (CL or CH of the Unified Soil

been constructed across an existing drainage.

Classification S y s t e m ) o f f e r s

The dam has a clay core which is keyed to

sealing characteristics as a synthetic liner.

bedrock.

The overriding advantage of a clay liner in

The dam has been designed against

the same

all anticipated loading conditions, including

tailings disposal is a useful life which can

seismic loading from a projected maximum

be expressed in terms of geologic time.

earthquake for the seismic zone in which the
project is located.

3.

OBJECTIVES OF TAILINGS STABILIZATION

Two conditions of the

Nuclear Regulatory Commission (NRC, regula

The primary objective of a tailings stabili

tory successor to AEC) license for this mill

zation program must be to minimize the health
risks to the public from radiation doses.
To

were the construction downstream of a smaller
pond to collect seepage for return to the

meet this objective there are two subordinate

pond, and the lining of the pond with about 3

objectives of tailings stabilization which

feet of compacted clay.

must be considered in any tailings management

2.3

program.

OPEN PITS

During the operating life of the

mill, interim stabilization must assure that
A disposal method advocated by the NRC is the

no tailings migrate offsite.

return of the tailings to an open pit (sur

decommissioning, long-term stabilization must

face mine).

prevent mobilization or disruption of the

This has not yet been demon

strated, but is the proposed tailings manage
ment method in a recent NRC uranium mill
license application.v

1

Recommendations are

for backfilling the pit with overburden to a

Following mill

tailings by natural or manmade causes.
Table 2 lists the performance objectives
which the NRC uses to determine the adequacy
of tailings management programs when

depth above the water table, then lining the
base and sides of the pit with compacted clay

licensing a new uranium m i l l . ^ ^

before tailings are discharged (Figure 3).
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districts are generally in areas of low

TABLE 2

population density.

NRC PERFORMANCE OBJECTIVES

However, meeting Objec

tive 2, locating the tailings area to elimi

FOR A TAILINGS MANAGEMENT PROGRAM(3)

nate or reduce disruption by natural forces,
requires a thorough study of the proposed

Siting and Design

site including analysis of major disruptive
1.

2.

3.

Locate the tailings isolation area remote

agents such as earthquakes and flooding.

from people such that population expo

addition, meteorological trends in conjunc

sures would be reduced to the maximum
extent reasonably achievable.

ascertain long-term erosion potential.

Locate the tailings isolation area such

Minimizing seepage of toxic materials to

that disruption and dispersion by natural

ground water systems through careful design

forces is eliminated or reduced to the
maximum extent reasonably achievable.

(Objective 3) is a particularly important
objective because this pathway for contami

tion with soil types should be analyzed to

nants to the environment is the most diffi

Design the isolation area such that seep

cult to control after construction of the
tailings facility.

age of toxic materials into the ground
water system would be eliminated or
reduced to the maximum extent reasonably
achievable.

During mill operation the NRC requires that
blowing of tailings to unrestricted areas be
eliminated (Objective 4). Offsite migration
by pathways other than wind erosion should

During Operations
4.

In

Eliminate the blowing of tailings to

not be a serious problem if the objectives of

unrestricted areas during normal operating
conditions.

proper siting and design have been met.
Post reclamation objectives established by

Post Reclamation
5.

the NRC deal specifically with the control of
the principal radiological hazards associated

Reduce direct gamma radiation from the
impoundment area to essentially back
ground.

6.

with tailings, gamma radiation (Objective 5),
and radon emanation (Objective 6).
Satis
factory control of these parameters is

Reduce the radon emanation rate from the
impoundment area to about twice the

expected to ensure control of other radio
logical species as well as other toxic or
noxious material contained in the tailings.

emanation rate in the surrounding
environs.

Successful reclamation should be sufficient
7.

Eliminate the need for an ongoing moni
toring and maintenance program following
successful reclamation.

to preclude the need for ongoing monitoring
(Objective 7).

8.

Provide surety arrangements to assure

Surety arrangements (Objective 8) are neces
sary because conventional tailings management

that sufficient funds are available to
complete the full reclamation plan.

programs require a large expenditure for
major reclamation work after the incomeproducing milling operation has ceased.

As can be seen from Objectives 1 through 3,
siting and design of the tailings facility are

4.

INTERIM STABILIZATION

critical. Past siting practices must be
replaced with more exact, and consequently,

Interim stabilization techniques are used

more expensive procedures.^33^

primarily to control wind erosion, although

Objective 1,

locating the tailings area remote from people,
can be readily met because uranium mining

some methods also reduce radon emanation. In
conventional tailings management programs,
interim stabilization requires frequent moni
toring and maintenance to be effective.
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4.1

CRUSTING AND SUBMERSION

Asphalt emulsions have been tested as a

The slimes portion of a tailings pond nor

crusting agent for stabilization.

mally crusts over when liquids evaporate from

zation of the surface may be necessary before

the slimes.

application to avoid vegetation rupturing the
crust.
One disadvantage of using asphalt as

This provides effective stabili

zation against wind erosion, but more radon
is released from these dry areas than from
the previously wet surface.

Where dis

Sterili

a crusting agent on mill tailings is that dry
sands lack cohesion.

Dry sands often must be

posal of the sand fraction is separate from

graded and dampened in order to support

slimes disposal, crusting of the sand does

application equipment.

not occur, and the dry sands are subject to

4.3

PHYSICAL STABILIZATION

blowing.
Physical stabilization with combinations of
Covering with water eliminates wind-blown
tailings and reduces radon emanation, but the

be preferred in arid areas where there is low

water increases hydrostatic head, thus in

potential for successful vegetative stabili

creasing the potential for seepage.

zation.

The

coarse sands and gravel, soil, and riprap may

However, to reduce radon emanation

water level in tailings ponds must also be

significantly, as much as 20 feet of some

maintained to prevent breaching of the dike

unconsolidated materials could be required.

by overtopping, and the dike must be pro
tected from wave erosion.

In more favorable climates or where irriga

4.2

suitable vegetation will stabilize nonactive
tailings disposal areas.

CHEMICAL STABILIZATION

tion can be effective, thin soil covers with

Chemical sealants, forming a wind- and waterresistant crust, have been used to tempo
rarily stabilize portions of tailings
ponds.

Chemical agents physically fill

5.

PRESENT TECHNOLOGY OF LONG-TERM
STABILIZATION

After milling ceases,

long-term stabilization

the interstices of the soil or chemically

is required to contain radioactivity and to

react with the soil constituents to form an

prevent mobilization or disruption of the

impermeable membrane.

However, no single

chemical has proven effective for stabilizing
all tailings.
The sealants are suscep

tailings by natural or manmade causes.

These

objectives are accomplished in the main part
by emplacing a suitable cover (Figure 3).

tible to physical breakup and require exten
sive maintenance.

Development of chemical

5.1

EARTH COVER

sealers is receiving a great deal of atten
tion; more effective agents may become

An earth cover is one of the most attractive
materials to be used for long-term stabiliza

available in the future.

tion because of its availability, long life,

Another method of chemical stabilization in

and its ability to reduce gamma radon emana

volves the addition of chemicals to a tail

tion to acceptable levels when of sufficient

ings slurry which then solidifies.

thickness.

Chemical

residues in the tailings are entrained in the
solid, eliminating the potential for leach
ing.

Because migration pathways are reduced

or eliminated, this method should signifi
cantly reduce radon emanation.

However,

A compacted earth covering of

approximately 2 feet is sufficient to reduce
gamma-ray exposures from tailings to levels
approaching natural b a c k g r o u n d . R a d o n
emanation is not as easily attenuated as
gamma radiation.

The curves in Figure 4 were

because all the material is treated rather

generated by assuming a tailings exhalation

than just the surface, this method of tem

flux density of unity; therefore, the resul

porary stabilization would be economically

tant flux density represents the remaining

prohibitive.

percentage of the initial flux density.

A

soil-specific effective diffusion coefficient
(De/v) of 6.6 x 10"4 and 1.2 x 102cm2s-1 was

assumed for clay and sand, respectively.

the area are a p p l i e d . H o w e v e r ,

The curves indicate that to reduce the radon

tion should only be used in the early phases

flux density to approximately background (0
on the graph), a clay cover of about 24
inches should be sufficient.

of revegetation.
For long-term stabiliza
tion, vegetation cover must be self-

The NRC requires a final cover of sufficient

should be native to the area and should

thickness to reduce direct gamma radiation to

demonstrate erosion control characteristics.

essentially background and to reduce radon
emanation to twice background (Objectives 5

Species to be avoided are those which are
deep rooted or those which take up radio

and 6).

nuclides or other toxic elements.

sustaining.

The NRC has determined that a 2.5-

foot clay layer, 8 feet of overburden, and
0.5 feet of topsoil will be the maximum

5.3

irriga

Species chosen for revegetation

MAINTENANCE

A performance objective for long-term stabi
thicknesses required to reduce radiation
releases to acceptable levels.

lization set forth by the NRC is the elimi

This

nation of the need for a continuing
monitoring and maintenance program following

determination has been based on calculations
rather than on field measurements.

The

successful reclamation (Objective 7).

authors believe that further study may prove
the thicknesses to be excessive.
5.2

For the Bear Creek project in Wyoming, the
NRC will require air, soil, and water samples

SURFACE STABILIZATION

to be taken at specified time intervals and
The clay layer or cap as recommended by the

places to form the basis for determining

NRC should be domed (Figure 3) to direct

whether the final stabilization plan is suc

internal drainage away from the encapsulated
tailings.
The earth cover should be con

upon termination of the operating license,

toured to avoid excessive slopes, thereby

use of the land on which the tailings are

reducing the potential for surface erosion.

stored will be restricted. The need for
permanent fencing and permanent warning

cessful.

Diversion ditches used during operation of
the pond may also be retained after stabili

The NRC has also specified that

markers will be decided on the basis of the

zation to prevent surface water erosion of

results of ongoing reclamation and stabiliza
tion procedures.^ ^

the pile.
To ensure the integrity of the
earth cover, materials such as rock, smelter

It cannot be established at this time whether

slag, broken concrete, or other coarse

a monitoring program should be implemented as

material may be used in arid regions where

insurance against unanticipated conditions at
a stabilized tailings area or if meeting the

vegetation is established with difficulty to
provide protection from wind and water ero

performance objectives will be sufficient to

sion.
These materials are durable and
require little maintenance, but have the

preclude the need for continued monitoring.
The authors believe techniques can be devel

disadvantage of a harsh appearance which may

oped that would make it unnecessary to

not blend well into the surrounding environ
ment.

continue monitoring, other than periodic
inspections, after the cessation of opera

Where practical, revegetation of the site

tions and final stabilization of the tailings

provides a more natural final cover which

areas.

blends into the surrounding environment.
Vegetation can survive in most areas where

required to insure that the integrity of the
cover is maintained.

precipitation is adequate, landscapes are

Periodic inspections would be

6.

ALTERNATIVES

properly shaped, nontoxic soil mediums capa
ble of holding moisture are provided, and

Although disposal of tailings by the conven

^-rr^8ation and fertilization appropriate to

tional methods described above is generally
the most desirable from an industry point of

224

view, these methods have the serious disad

pH, and transported by pipeline to the mine.

vantages of (1) large areas of exposed tail

Hauling the sand in ore trucks returning from

ings during mill operation and (2) the
requirement for extensive large scale earth

the mill to the mine is another possibility

moving and surface stabilization after

site, slurried tailings can be pumped through
pipes down the shaft and through the haulage

uranium milling has ceased.

for tailings transport.

Large areas of

Once at the mine

exposed tailings result in increased radon

drifts to the selected stopes for disposal,

flux and gamma radiation to the environs.

or the sand tailings could be deposited

There is an added risk of mobilization of the

directly from the surface through holes

tailings by wind during exposure.

drilled into the stopes.(20)

Serious

uncertainties are created by the extensive
There are several advantages to disposal of
stabilization and reclamation work required

tailings in underground mines.
Underground
disposal of sand tailings is permanent and

after milling ceases.
The posting of large
surety bonds (Objective 8) compensates for

would reduce the long-term radiological

the most part for those uncertainties caused

hazards to the lowest level of any method of

by potential nonperformance by the operator.

disposal.

The authors believe that more emphasis should

Only slimes would require disposal

at a surface site.

be given to the development of techniques

Consequently, this method

would result in smaller surface disposal
which place the tailings into long-term

facilities, reducing land commitment signifi
cantly. Abandoned stopes are subject to

storage as soon as possible after they are
produced.

caving, and the underground disposal of sand
6.1

DISPOSAL IN UNDERGROUND MINES

tailings would provide needed ground support.
Sand tails could also be used in active

Approximately 50 percent of the uranium
production in the United States is from

stopes for ground support or to raise the

underground mines.

working floor in high stopes.

Open pit mining has

accounted for most of the uranium produced in

One disadvantage for the slurry method of

the past, but most shallow deposits have been

tailings transport would be the addition of

discovered and are being mined.
New dis
coveries are occurring deeper in the tradi

water to the mine.

tional sedimentary basin uranium districts.

other mine water which is continually being

Consequently, underground mining methods will
become more important in the future.

pumped to the surface.

The modified room and pillar method of mining

water should not stress the designed dewater

However, the water should

quickly drain into the drifts below and join
Because most under

ground mines are very wet, the additional

using sublevel haulage is the most common

ing pumping capacity.

form of underground mining.

matic method could be used.

Once the ore is

In dry mines a pneu
However, this

removed, large open stopes or cavities remain

method is not suitable for active stopes

underground.

because of excessive airborne particulates.

As mining progresses to other

sections of the mine, these abandoned stopes

Many deep uranium deposits are found in aqui

are sealed for radon control.

fers capable of yielding good quality water;

Such stopes

are ideal for depositing sand tailings.

in some cases these aquifers are tapped for

Because the slimes contain highly mobile

public and private use very near the ore

chlorides and sulfates, they are not recom

bodies.

The proposed disposal of tailings in

mended for disposal in underground mines

such an aquifer will undoubtedly cause

located in aquifers yielding or capable of

serious public concern.

yielding potable water.
Using a sand-slime
separation technique, such as cycloning, the

bered that the ore body from which the tail

sand fraction could be separated, then

effect on the ground water quality before
mining began because the geochemical

It should be remem

ings came was radioactive but had little

slurried with the addition of lime to raise

225

conditions in the vicinity of the ore deposit

adjacent, wind erosion would be minimized.

favored the immobilization of uranium and its
radioactive decay products. Upon cessation
of mining when ground water reenters the mine

The area of tailings exposed at one time
could be even further reduced by sectioning
the long trenches into several cells. Some

area, the sand tailings should not react any
differently than before the uranium was
extracted. Addition of lime to the sand

milling processes, such as Holmes and
Narver's TL Leaching' ' and Picheney Uguine
Kuhlman's Belt Filtration process, '^ 2 )

tailings is designed to assure rapid reduc

low-moisture tailings which are stackable.

tion once the ground water returns. If those
constituents associated with the sand tail

If disposal of these tailings was done by the
proposed trench method, then only a very

ings were not leachable by the milling

small area of tailings need be exposed at any

process, there is no reason to believe
that they could be leached by the existing

one time. This advantage, coupled with the
very important advantage of long-term stabi

ground water.

lization being completed very soon after the

The authors believe that

public concern about underground mine dis
posal of tailings is primarily a public

tailings are generated, should make the
proposed method of disposal in trenches a

relations and education problem and can be
allayed.

high priority method for immediate research

6.2

6.3

and development.

"CELL" CONCEPT FOR TAILINGS DISPOSAL

The authors have developed a concept for
disposal of tailings in trenches which is
recommended for research and development.

In

this concept, illustrated in Figures 5 and 6,
tailings are deposited below grade in long,
narrow trenches or cells.

Disposal by the

cell method should be above the water table
and preferably in an impermeable mudstone or
shale horizon, although lining of the cells
with clay as in open pit disposal would be an
alternative for unfavorable horizons.
In practice, a trench would be excavated and
spoiled to one side. Tailings slurry would
then be pumped into one end of the trench.
The liquid fraction accumulating at the far
end of the trench would be decanted to evapo
ration ponds or recycled to the process. As
the end of the trench filled to grade with
tailings the slurry line would advance along
the trench.

Excavation of a second trench

DECONTAMINATION OF TAILINGS

A very attractive alternative to long-term
tailings stabilization is the removal of
harmful radionuclides from the tailings.
Only a small volume of low-level waste would
then require long-term secure storage. The
bulk of the decontaminated tailings could be
released for unrestricted use or reclaimed to
much less rigorous standards than those
described above.
An obstacle to the development of decontami
nation technology is the lack of standards in
the U.S. for maximum permissible concen
trations (MPC) of radionuclides in tailings
which could be released for unrestricted use.
A standard of 25 pCi/g in soil and building
materials is being considered in the U.K.;
the U.S.S.R. permits a total of 20 pCi/g of
radium and related radionuclides in building
(23)
materials.
For comparison, background
radium concentrations in soil generally range

next to the first would begin with spoiling
over the filled first trench. This excava
tion would advance as the first trench

from 1 to 3 pCi/g.

filled, thus providing a future cell for
tailings disposal.

dard based upon present knowledge should be

Only the tailings in the trench being filled
would be exposed.

Because the tailings would

be below grade with a large windrow of spoil

Research is necessary to

develop a basis for establishing MPC stan
dards in this country, but an interim stan
promulgated as soon as possible.
This would
stimulate decontamination technology develop
ment by defining the performance objectives
of a commercial treatment process.

In

developing standards, less restrictive MPC's

should be considered where tailings are
released for long-term uses which present a

zone with water or with a chemical cleansing

low risk of radiation exposure to the popu

aquifer returns to acceptable limits which

lation, for example, in highway construction.

have been previously set by regulatory agen

Decontamination of tailings could be accom

cies, the aquifer is considered restored.

solution.

When the water quality in the

plished either by modifying the milling

From an environmental point of view, this

process or by treating the tailings after

method of mining uranium is the most desir

milling.

Bench-scale research on these

able.

Almost all of the radiological decay

techniques has shown significant reductions

products of uranium remain in their original

in radionuclide concentrations in tailings,

positionj the surface disturbance is minimal.

but radium concentrations are still an order

7.

RECOMMENDATIONS AND CONCLUSIONS

of magnitude greater than typical background
values and generally higher than the MPC
being considered in the U.K.
pre_

Although the long-term tailings stabilization

liminary investigations indicate the presence

methods which have been included in recent
licensing actions should meet established

of refractory radium-bearing minerals causing

performance objectives, the authors recommend

these high residual concentrations.

a thorough review of these procedures to
verify their effectiveness.

Intensive research is necessary to develop
milling processes which eliminate radium from
tailings.

This would be of benefit princi

pally for new mills.

Equal emphasis should

be given to research in developing add-on
processes for decontaminating tailings after
milling.

These add-ons should be easily

retrofitted to existing mills.

Cost-benefit

analyses must be conducted to determine if it
is more economical to decontaminate the tail
ings for unrestricted uses than to use long
term stabilization techniques as described
above.
6.4

Such verifica

tion would best be accomplished through
modeling of the long-term geologic processes
acting upon these systems.

Elements of such

a model should include an analysis of long
term erosion potential incorporating climatic
trend projections.

Other factors which

should be considered include the mineralogy
of clay liners and estimates of the geo
chemical reactions associated with waste
liquors in contact with these liners.

Soil

chemistry and surface hydrology including the
covering overburden also should be considered
to determine their suitability for leachate

IN SITU LEACHING

and radionuclide control.

Effects of soil

A relatively new method of mining rapidly

chemistry on long-term stability of vege

attaining wide acceptance is in situ leach

tation communities should also be examined.

ing.

This method partially beneficiates

uranium in place by the injection of a dilute
oxidizing solution.

The solution is injected

The land-use options must be surveyed to
maximize the security of tailings storage and
future beneficial uses of the affected land.

through wells drilled into the ore body and

Finally, further research and comparisons of

is then pumped to the surface through adja

the alternatives presented herein are essen

cent production wells.

tial to assure that the most efficient and

The uranium is then

extracted from the solution by ion exchange.

effective method is applied.

The ore sands remain in place practically

will be different for each particular site,

Applications

unaltered; thus, tailings are not produced by

and research into the choice of stabilization

this mining method except for small amounts

method or alternative to stabilization must

of chemical residues and sand filtered from

be included in the modeling recommended
herein.

the solution.

Once leaching is complete, any

other mobilized elements and residual solu

Before modeling can be successfully accom

tion are removed by either flushing the ore

plished, each of the methods and alternatives
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AREAS REQUIRING RESEARCH

of the manuscript.
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Supervisor of the Environmental Assessment
Section, authorized the presentation of the

Methods in which disposal is at or near
the surface
1. Long-range climatic projections and
their effect on erosion potential
2.

Stability of vegetation communities

3.

used in surface reclamation
Mineralogy and geochemistry of clay
liners

4.

B.

5.

Attenuation of radon flux by
stabilizing covers
Land-use options

6.

Hydrology of tailings storage sites

report and made several valuable contribu
tions in its preparation and review.
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Figure 1

Distribution of western uranium mills. (2 )
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Figure 3

Figure 4

Final stabilization-open pit disposal method. (9)

Reduction of radon flux density as a function of cover material.(19)
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Figure 5

Trenching concept for tailings disposal.
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